Summary Mycobacteria were present in 4 out of 8 mixed peripheral nerve trunks from patients (3 BT and I BL) treated with DDS and/or MDT for periods ranging from 21 months to 8 years. Most of the bacilli appeared to be 'whole'. Nerve destruction with areas of granulomatous infiltration appeared more active than expected. Possible reasons for a continued presence of bacilli in treated nerves and its implications in 'relapse' are discussed.
My cobacterium leprae has a predilection for peripheral nerves and skin and is a major cause of peripheral neuropathy worldwide. I Nerve histopathology in leprosy has been in general limited to cutaneous nerves. Sporadic studies on nerve trunks have appeared in the literature, but with the exception of one case, 2 this has been limited to untreated patients. We have been able to obtain segments of nerve trunks of leprosy patients on long-term drug treatment, during the course of a new operative treatment for localized nerve damage in leprosy (to be reported shortly). In half the operated cases histological studies have subsequently demonstrated the presence of intraneural M. leprae. The clinical history, histopathological findings and the possible role in relapse are discussed.
Materials and methods

PATIENTS
Eight patients, 5 males and 3 fe males, aged fr om 15 to 35 underwent operations on 3 median nerves at the wrist and 7 posterior tibial nerves at the ankle, at the Sacred Heart Leprosy Centre, Kumbakonam, South India in 1989. Five patients were borderline tuberculoid (BT) cases and the rest belonged to the lepromatous end of the spectrum (1 BL and 2 LL). Operative procedures were carried out under axillary block or spinal anaesthesia and nerve lengths removed ranged from 2 to 5 cm. All patients had established irreversible motor and sensory damage ranging from 18 months to 7 years and were on antileprosy drugs for 1-8 years. Steroid therapy and active trophic ulcerations were considered contraindications to operation.
Clinical details of fo ur patients with bacilli in their nerves are given in Table I .
PROCESSING OF NER YES
Segments of nerve were taken with a sharp blade and fixed in 2·5% buffered glutaraldehyde for 1 hr. They were then trimmed and cut to give approximately I-mm transverse sections and left in buffered glutaraldehyde for a fu rther hour before transfer to a holding buffer. Once the specimens were brought back to our laboratory at the Royal College of Surgeons (with delays of 15-30 days), they were fixed in I % cacodylate buffered osmium tetroxide, the tissues were then washed in 70% ethanol, dehydrated through graded ethanols and embedded in Araldite. One micron, transverse sections were cut on a Reichart lung OMU III ultramicrotome and stained with I % toluidine blue in I % sodium tetraborate selected. Ultrathin sections were cut at 70-90 nm and stained with saturated uranyl citrate in methanol and then Reynold's lead citrate. Sections were examined and photographed in a Zeiss lOB transmission electron microscope. Nerve specimens were also fixed in buffered fo rmaldehyde and paraffin embedded sections were made and stained with haematoxylin-eosin and a routine FF method was used to identify acid-fast bacilli.
Results
Results given below pertain to the 4 cases with bacilli in their nerves. However, a few relevant points with illustrations will be made on treated cases without evidence of intraneural bacilli.
INTRAOPERA TIVE FINDINGS
Induration and inflammation of the flexor retinaculum and subcutaneous tissue was present in all cases, these changes being more pronounced with posterior tibial lesions where the retinaculum was fo und stretched over the thickened neurovascular bundle. On opening the flexor retinaculum of the ankle, the posterior tibial nerve was fo und to be swollen and inflamed and the epineurium was thickened. The nerve was closely adherent to the posterior tibial vessels, causing some compression but not occlusion of the lumen. In contrast the changes in the median nerve did not extend into the carpal tunnel. All three BT ca s es demonstrated localized fusiform nerve swelling, while the BL cases showed moderate generalized thickening. The nerves at deeper and more proximal levels showed the same degree of inflammation. The transected nerve ends generally showed pinkish neural tissue in separately identifiable fa scicles, with the exception of one scarred distal stump (BL case). Nerve stumps appeared highly vascular in comparison to transected ends of normal nerves.
LIGHT MICROSCOPY
General histopathological findings are reported and the differences between tuberculoid and lepromatous nerve indicated by the type of granulomatous changes. Haematoxylin eosin stained sections showed extensive nerve fibre destruction with varying degrees of lymphocytic and mononuclear cellular infiltration and fibrosis. Granular acid-fast bacilli were seen in 2 nerve sections (Case Nos 2 and 3).
Epineurial changes included thickening with large amounts of dense connective tissue and mononuclear cell infiltration with occasional granuloma formation. The perineurium appeared multilayered and thickened probably due to increased connective tissue (Figures 1 and 3) . In some areas there was complete loss of normal perineurial architecture. Subperineurial infiltration with mononuclear cells was common (Figure 1) , with patchy changes occurring in the perineurium. In addition to the above changes, foamy macro phages ( Figure 3) were seen in the BL case.
A remarkable fe ature was the varying intrafascicular damage which involved a part of a fa scicle, single or many fascicles. Myelinated axon destruction ranged fr om complete (Figure 3 Endoneurial blood vessels were plentiful with what appeared to be connective tissue thickening and multiple layering of the basement membrane, with perivascular inflamma tory cell infiltration. Increased vascularity was noted in the perineurium and epineurium. Foamy macrophages packed with bacilli were also seen in perineurium and endoneurium of the BL case. In one LL case there was only approximately 50% myelinated fibre destruction, with the remaining fibres being arranged in groups with greater amounts of dense connective tissue but with little inflammatory infiltrate. The other LL patient had massive amounts of interfascicular connective tissue with large numbers of axons arranged in classical regenerating units.
UL TRASTRUCTURAL FINDINGS
BT cases: Gross destruction of myelinated and unmyelinated axons as noted on I-micron sections. A number of bacilli were seen mainly in Schwann cells (Figure 2 ) of myelinated and unmyelinated axons and in some macrophages. It is not possible to say whether the bacilla were alive or dead but the organisms often appear whole (solid). No intra-axonal bacilli were evident. Plenty of depleted Schwann cells are present with loss of cytoplasm and axons. There are also collections of mononuclear cells mainly of the epithelioid type. Occasional lymphocytes and fibroblasts (containing bacilli) were seen.
BL case: Figure 4 shows a larger number of bacilli as compared with the BT case. These were seen mainly within fo amy macrophages as dark staining structures. There was gross depletion of myelinated and unmyelinated axons. Larger amounts of endoneurial collagen were seen, mainly arranged around Schwann cells.
LL case: Section showed greater degree of endoneurial fibrosis with large numbers of depleted Schwann cells ( Figure 6 ) and virtually no inflammatory cell infiltration or granuloma fo rmation.
Discussion
Palande 2 reported the presence of M. /eprae in the ulnar nerve of one treated BT case.
Dastur3 reported finding M. leprae in the index branch of the radial cutaneous nerves in 8 LL cases treated for periods of 18 months to 6 years. This is probably the first paper to report the possible finding of bacilli in nerve trunks ofBT and BL patients after prolonged drug treatment.
With one exception (see Table 1 ), all cases were skin smear negative and these findings would support the observations of other workers who have noted a discrepancy in the bacillary content of nerve and skin.4 Also 2 out of the 3 BT cases had a nerve bacillary index (BI) > 2 indicating that these are in reality multibacillary cases. This further strengthens the view that if nerve biopsies were as easily available as skin biopsies more patients would be classed as multibacillary.5 There may be a place for reviewing the present criteria for disease activity where currently skin tissue response is thought to demonstrate general tissue response to M. leprae.6
One-micron section and ultrastructural studies when compared with the findings of other workers1•3•7•8 did not reveal any differences apart fr om the fact that our specimens showed more severe, and in some, complete nerve destruction. This is not surprising because cases with localized lesions exhibiting clinically irreversible damage were selected. There were no signs of active nerve degeneration but the presence of mononuclear cell infiltration would indicate ongoing disease activity. High bacillary content and prolifer ation were fe atures of Schwann cells but no bacilli were seen in axons.
Using the criteria of Dastur1 and others these bacilli will fa ll into the 'solid' category and therefore be considered alive. However one is not able to be sure whether these organisms are alive or dead. One can only describe the mycobacteria as appearing as 'whole'.
POSSIBLE IMPLICATIONS OF FINDING BACILLI IN THE NERVES
Bacilli may be in a physiologically dormant state or there may be a problem with drugs penetrating into nerves in sufficient concentrations to kill the organisms. The bacilli may be dead and not removed because the scavenging cells may not be getting into nerves or because the macrophages may not have adhesion molecules on their surface to cross the blood nerve barrier and remove the organisms. Finally it is possible that nerves act as a reservoir for M. leprae antigen.
POSSIBLE ROLE IN ' RELAPSE '
Dead bacilli can be a continuing source of antigen-releasing antigen into the systemic circulation may possibly cause damage to another nerve without any other clinical evidence of leprosy. This may explain the situation of sudden nerve involvement in a patient, years after 'cure' of the disease. 9 If the organisms are alive they may cause relapse in the true sense of the word.
In conclusion it is not possible to say whether the organisms fo und in these nerves are alive or dead. Either way this finding merits further investigation (?mouse fo otpad cultures) after isolating the bacilli fr om fresh nerve specimens. It is likely that nerves act as reservoirs for bacilli and that the true histological picture as to whether the disease is multibacillary or paucibacillary may be better represented here. The value of skin smear in assessment of disease activity and criteria for deciding the duration of treatment needs to be re-examined. And finally should the current principles of management be re-evaluated as it would seem that M. leprae with its constant source of antigen cannot be eliminated fr om some nerves in spite of 'adequate' drug treatment?
